The aim of the present study was to analyze the role of microRNA (miRNA)-21-5p in tongue squamous cell carcinoma (TSCC), predict the target gene of miR-21-5p and provide novel strategies for gene therapy in TSCC treatment. The expression levels of miRNA-21-5p in TSCC tissues were analyzed using reverse transcription quantitative polymerase chain reaction, and the effects of miRNA-21-5p on cell proliferation, invasion and apoptosis and the expression levels of target protein PDCD4 in the Cal 27 and SCC9 cell lines were determined. PI3K/AKT/Forkhead Box O1 (FOXO1) pathway-associated protein expression levels were evaluated by western blot analysis. miRNA-21-5p was consistently upregulated in TSCC tissues compared with normal tissues. Inhibition of miR-21-5p inhibited cell proliferation and invasion, and promoted cell apoptosis. A luciferase reporter assay confirmed that PDCD4 was the target of miR-21-5p. Inhibition of miRNA21-5p suppressed the PI3K/Akt/FOXO1 signaling pathway. The results from the present study indicated that miR-21-5p-targeting PDCD4 suppresses apoptosis in human TSCC cell lines. This anti-apoptotic effect was achieved by regulating the PI3K/Akt/FOXO1 signaling pathway. These data represent the basis for a promising novel strategy for the treatment of TSCC.
Introduction
Tongue squamous cell carcinoma (TSCC) is the most common type of oral malignancy, accounting for 40-50% of all cases (1) . TSCC exhibits the characteristics of high malignancy, rapid growth and marked levels of infiltration; furthermore, the tongue has abundant lymphatic vessels and blood circulation within its structure, which often results in TSCC progression to lymph node metastasis at earlier stages, and it seriously affects the voice, chewing and swallowing ability of the patients (2) (3) (4) . At present, treatment of TSCC primarily relies on surgery, and treatment via radiotherapy and chemotherapy is auxiliary. However, the 5-year survival rate of patients is only 32-54% following comprehensive treatment (5, 6) . Therefore, identifying effective treatment methods is essential to improve survival rates for these patients.
Current research regarding TSCC focuses on microRNAs (miRNAs), and the function of miRNAs has preliminarily been identified. miRNA are small non-coding RNA molecules measuring 18-23 nucleotides in length. Although miRNAs have a small molecular weight, they serve a role in the transcriptional level of human cells and regulates numerous important biological functions of both plant and animal organisms, and in human tumors (7, 8) .
mi-21-5p is one of the most important members of the miRNA family, and it is closely associated with the occurrence and development of cancer. miRNA-21-5p, located on chromosome 17q23.1, has been identified in numerous different types of tumors, which indicates that it may exhibit enhanced expression levels that correspond with disease development. Jiang et al (9) revealed that miRNA-21-5p was upregulated in gastric cancer tissues and SGC-7901 cells, and that the knockdown of miRNA-21-5p suppressed cell proliferation, migration and invasion, and the inflammatory response. The identification of miRNAs and their expression profiles among different diseases indicates that miRNA-21 may serve as a potential biomarker (9) . However, the role of miR-21-5p in TSCC and its associated underlying molecular mechanisms have not yet been reported.
In the present study, the expression levels of miR-21-5p in TSCC were investigated, and the apoptotic effect of miRNA-21-5p on human TSCC Cal 27 and SCC9 cell lines was examined. The results revealed that the PI3K/AKT signaling pathway serves a role in the underlying molecular mechanism of the disease.
Materials and methods
Patients and tissue samples. In total, 40 tumor tissue samples were obtained from patients with TSCC who had been admitted to the Department of Oral and Maxillofacial Surgery, Second Affiliated Hospital of Jinzhou Medical University (Jinzhou, China) between January 2017 and June 2018, including 24 males and 16 females, aged 38-76 years, with a median age of 54 years. None of the patients received chemotherapy or radiotherapy. In addition, 40 cases of normal tissues (adjacent non-cancerous tissues) were obtained from the Second Affiliated Hospital of Jinzhou Medical University. The inclusion criteria were as follows: All patients were diagnosed with TSCC via pathology, and no radiation therapy or chemotherapy was performed prior to biopsy. The exclusion criteria were as follows: Patients with one or more of the following conditions were excluded: i) Infectious disease; ii) acute cardiovascular and cerebrovascular diseases; iii) rheumatic disease; iv) diabetes; or v) other tumors.
The present study was approved by the Ethical Committee of Jinzhou Medical University on October 26, 2016 (approval no. JZH2016052). Written informed consent was obtained from all patients included in the present study.
Hematoxylin and eosin (H&E) staining. TSCC tissues were fixed (>24 h at room temperature) in 4% paraformaldehyde and embedded in paraffin. Paraffin-embedded samples were then sliced into 4 µm sections and resected specimens were dewaxed in xylene, washed in distilled water and stained with hematoxylin and eosin at room temperature for 5 min. Pathological alterations of myocardial tissue were observed under a light microscope (magnification, x200).
Cell culture. TSCC Cal 27 and SCC9 cell lines were purchased from The Cell Bank of Type Culture Collection of Chinese Academy of Sciences. The Cal 27 cell line was cultured with Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) in a 5% CO 2 incubator at 37˚C and saturated humidity. The SCC9 cell line was incubated with RPMI-1640 (Gibco; Thermo Fisher Scientific, Inc.) containing 10% FBS in a 5% CO 2 incubator at 37˚C.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR). Total RNA was extracted from the tissues or cell lines using TRIzol ® reagent according to manufacturer's protocol. The cDNA was transcribed using a Prime Script™ RT Master Mixture according to the manufacturer's protocol (Takara Biotechnology Co., Ltd.). miR-21-5p in TSCC was detected using SYBR Prime Script miRNA RT-PCR kit (Takara Biotechnology Co., Ltd.). The thermocycling conditions were as follows: Pre-denaturation at 95˚C for 1 min, followed by denaturation at 95˚C for 15 sec, annealing at 60˚C for 40 sec and extension at 72˚C for 15 sec, for a total of 40 cycles. The primer sequences in the present study were as follows: hsa-miR-21-5p forward, 5'-GGG GTA GCT TAT CAG ACT GAT G-3'; hsa-miR-21-5p reverse, 5'-TGT CGT GGA GCG GCA ATT G-3'; U6: Forward, 5'-CGC TTC GGC ACA TAT ACT A-3'; U6 reverse, 5'-CGC TTC ACG AAT TTG CGT GTC A-3'; PDCD4 forward, 5'-TGT GCC AAC CAG 
The expression levels of miRNA-21-5p were calculated using the 2 -ΔΔCq method (10) .
Transfection. miR-21-5p inhibitors were synthesized along with a corresponding negative control by Shanghai GenePharma Co., Ltd. Plasmid production and purification were performed by Shanghai GenePharma Co., Ltd. miR-21-5p inhibitor sequences (forward, 5'-UAG CUU AUC AGA CUG AUG UUG A-3' and reverse, 5'-TCA ACA TCA GTC TGA TAA GCT A-3') were cloned into the lentivirus without green fluorescence (Shanghai GeneChem Co., Ltd.). Polybrene (6 µg/ml; Shanghai GeneChem Co., Ltd.) and an appropriate dose of lentivirus (1x10 8 ) were added and incubated at 37˚C for 24 h. Cells transfected with lentivirus were screened with puromycin to increase transfection efficiency. The transfection efficiency was additionally identified via PCR.
Cell Counting Kit-8 (CCK-8). Next, 2,000 cells per well were seeded in the 96-well plate. Cell proliferation was detected using a CCK-8 assay (MedChemExpress) according to the manufacturer's protocol. The reproductive ability of cells was measured at 450 mm using a microplate reader.
Transwell assay. SCC-9 and Cal 27 cells were re-suspended without serum at a concentration of 1x10 5 Target gene PDCD4 of miR-21-5p predicted by TargetScan.
Targets of miR-21-5p were searched on TargetScan (www. targetscan.org/vert_71/) (11) , and the results were further confirmed by PicTar29 (pictar.mdc-berlin.de/) and microRNA. org 30 (www.microrna.org) (12), suggesting PDCD4 is a potential target of miR-21-5p.
Luciferase reporter assay. The PDCD4 gene 3'-untranslated region (3'-UTR) sequence was cloned into a pMIR-REPORT vector (Ambion; Thermo Fisher Scientific, Inc.). Luciferase reporter plasmids of wild-type (WT)-PDCD4 mRNA and mutant (Mu)-PDCD4 mRNA were constructed using the clones. The cells were cultured for 24 h, while the PDCD4-UTR-pMIR plasmid and miR-21-5p inhibitors or Mu-PDCD4-UTR-pMIR plasmid and miR-21-5p inhibitors were co-transfected into cells using Lipofectamine™ 2000 transfection reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. The relative luciferase activity of PDCD4 was detected using a Dual-Luciferase Reporter assay after transfection for 48 h. The Renilla luciferase values were normalized to that of firefly luciferase.
Statistical analysis. All data were presented as the mean ± standard deviation. Statistical analysis was performed using GraphPad Prism (v6.0; GraphPad Software Inc.). The data were assessed using the unpaired two-tailed Student's t-test for comparisons between two groups, or one-way analysis of variance followed by Kruskal-Wallis test and Dunn's multiple comparison post-hoc test for comparisons between >2 groups. Correlations between the miR-21-5p and PDCD4 gene were evaluated using Spearman's coefficient of correlation. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics of patients with TSCC. The clinical characteristics of the patients with TSCC are presented in Table I . According to the Tumor-Node-Metastasis classification for TSCC (Union for International Cancer Control, UICC 2010, 7th edition) (13), the patients were divided into 4 stages: Stage I (n=4), stage II (n=12), stage III (n=17) and stage IV (n=7). Hematoxylin and eosin staining demonstrated that all patients had squamous cell carcinoma ( Fig. 1A-D) .
miR-21-5p is upregulated in TSCC tissues. miR-21-5p was detected in TSCC tissues via RT-qPCR. As presented in Fig. 1B , the expression levels of miR-21-5p were significantly upregulated in TSCC tissue when compared with that of the control group (Fig. 1E) .
Inhibition of miR-21-5p suppresses proliferation of Cal 27 cells and SCC9 cells.
To determine the function of miR-21-5p, miR-21-5p was knocked down in the Cal 27 and SCC9 cell lines. Following miR-21-5p knockdown, the expression levels of miR-21-5p in Cal 27 and SCC9 cells were significantly decreased when assessed via RT-qPCR ( Fig. 2A and B) . The CCK-8 assay subsequently determined the proliferation ability of Cal 27 and SCC9 cells following miR-21-5p knockdown.
The results revealed that miR-21-5p knockdown markedly inhibited the proliferation levels of Cal 27 and SCC9 cells (Fig. 2C) .
Inhibition of miR-21-5p suppresses the invasion ability of Cal 27 and SCC9 cells.
A Transwell assay was used to detect the invasive capabilities of Cal 27 and SCC9 cells. The results revealed that following miR-21-5p knockdown, the invasive capabilities of the Cal 27 and SCC9 cells decreased. The invasion assay demonstrated that the downregulation of miR-21-5p significantly inhibited the invasion capacity of Cal 27 and SCC9 cells (Fig. 3) .
Inhibition of miR-21-5p promotes apoptosis of Cal 27 and SCC9 cells.
To investigate the effect of miR-21-5p on Cal 27 and SCC9 cells, western blot analysis was used to detect apoptosis. The results revealed that the expression levels of the pro-apoptotic protein Bax increased significantly following miR-21-5p knockdown, while the expression level of anti-apoptosis protein Bcl2 was significantly decreased following knockdown of miR-21-5p. PI and Annexin V staining revealed that the early apoptosis of SCC9 and Cal 27 cells significantly increased following miR-21-5p knockdown (P<0.05). These results demonstrate that the downregulation of miR-21-5p expression promotes the apoptosis of Cal 27 and SCC9 cells (Fig. 4) .
PDCD4 is the target of miR-21-5p. miRNAs affect the expression levels of mRNA by binding to their 3'-UTR, and the role of miR-21-5p is closely associated with the function of the target gene [for example phosphatase and tensin homolog (PTEN) and Smad7]. Target gene prediction indicated that PDCD4 may be a potential target of miR-21-5p ( Fig. 5A ). RT-qPCR was used to detect the expression levels of PDCD4 in TSCC tissues. The results revealed that the expression levels of PDCD4 decreased significantly in TSCC tissues (Fig. 5B) , and the expression levels of miR-21-5p were negatively correlated with PDCD4 ( Fig. 5C ). To determine whether miRNA-21-5p directly targeted PDCD4, the present study cloned the 3'-UTR of PDCD4 downstream from the pMIR-CMV luciferase reporter. The results revealed that miRNA-21 decreased luciferase activity in WT-PDCD4-transfected cells (Fig. 5D ). The luciferase assay demonstrated that PDCD4 was the target of miR-21-5p.
Apoptosis effect of miRNA-21-5p is determined via regulating the PI3K/Akt/FOXO1 signaling pathway. PI3K, AKT and p-FOXO1 protein expression levels were measured using western blot analysis (Fig. 6) . The results revealed that the PI3K, AKT and p-FOXO1 protein expression levels were significantly decreased following miR-21-5p knockdown both in Cal27 and SCC9 cells (Fig. 6 ). Inhibition of miR-21-5p promoted apoptosis of Cal27 and SCC9 cells via regulating the PI3K/AKT/FOXO1 signaling pathway.
Discussion
miRNAs are factors that regulates biological responses including apoptosis, proliferation, differentiation and invasion. miRNAs account for ~1% of the genome, but they regulates ~60% of gene activity (14) . Under the catalysis of RNA polymerase II, miRNA is transformed into primitive miRNAs with a cap structure and polyA tail, then the primitive RNA forms a stem-loop structure, which is transferred from the nucleus to the cytoplasm with the help of transporter exportin-5. This stem-loop structure is cut to form mature miRNAs. Finally, this stem-loop structure is cleaved to form mature miRNAs (15) . The mature miRNAs bind to the RNA-induced silencing complex (RISC) to form an asymmetric RISC complex, which binds to the 3'-UTR on the mRNA of the target gene to regulate the expression of that target gene (15) . miR-21-5p is a member of the miRNA family, which is highly expressed in the serum of patients with a number of different types of tumors and serves an anti-apoptotic role (9) . miR-21-5p is closely associated with the molecular mechanisms underlying drug resistance, cell invasion and metastasis of tumors, among other processes (16) (17) (18) . The results of the present study revealed that the expression levels of miRNA21-5p were upregulated in human TSCC, which was involved in the occurrence and development of tumors. CCK-8 and Transwell assay results demonstrated that the proliferative and invasive capabilities of the Cal 27 and SCC9 cell lines decreased following downregulation of miR-21-5p expression. Western blot analysis was used to detect the apoptotic and anti-apoptotic factors in the present study. The results revealed that downregulation of miR-21-5p promoted the apoptosis of Cal 27 and SC9 cells. miR-21-5p directly or indirectly promotes the pathophysiological process of cells by regulating the expression of PDCD4, PTEN and tissue inhibitor of metalloproteinase-3 (19, 20) . Usually one miRNA targets multiple genes. As PDCD4 has been frequently reported as a target of miR-21-5p, the role of miR-21-5p in PDCD4 expression in TSCC requires additional study (21) . In the present study, the luciferase reporter assay revealed that PDCD4-UTR-pMIR (WT) was significantly increased by miR-21-5p inhibitors. This indicated that PDCD4 was the target of microRNA-21-5p, but its mechanism requires additional experimental confirmation. PI3K/AKT/FOXO1 is an important signaling pathway, which regulates progression in numerous different types of tumors. The PI3K/AKT pathway is closely associated with apoptosis. This pathway controls cell proliferation, growth, translation, migration and survival, and overactivation of this signaling pathway is associated with poor prognosis (21, 22) . Activated PI3K may activate downstream protein kinase AKT; Activated AKT is able to phosphorylate Bax, inactivate Bax and inhibit Bax and Bcl-2 to form dimers, thereby resulting in Bcl-2 dissociation and an anti-apoptotic effect (23, 24) . In the present study, the expression levels of PI3K/AKT signaling pathway-associated proteins were detected. It was demonstrated that inhibition of miR21-5p suppressed the PI3K/AKT/FOXO1 signaling pathway, suggesting that inhibiting the activation of the PI3K/AKT/FOXO1 signaling pathway may be a potential strategy for the treatment of TSCC.
In conclusion, downregulation of miR21-5p may effectively inhibit the proliferation and invasion of cancer cells and also promote the apoptosis of cancer cells. These data provide the basis for novel strategies for gene therapy of TSCC.
